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O ' Abstract 

m : 

This work has shown that at strict fulfilment of condition Am^s = 
CLi' Amf2 + Am23 expression for probability of ~^ transitions 

^! Py^^y^t) is positively defined at every values of 9 and (3 while at any 

■ ' arbitrarily small deviation from this condition it becomes negative. In order 

^ to make this expression for probability transitions positively defined, it is 

necessary to put a limitation on angle mixing (3 at fixed value of ^ = 32.45° 



^ : (i.e. the value for (5 must he (5 < 15" ^ 17°] 

PACS numbers: 14.60. Pq; 14.60. Lm 



o 
o 



^ : 1 Introduction 



The suggestion that in analogy with K° oscillations, there could be 
neutrino-antineutrino oscillations [v ^ v)^ was considered by Pontecorvo 
[1] in 1957. It was subsequently considered by Maki et al. [2] and Pontecorvo 
[3] that there could be mixings (and oscillations) of neutrinos of different 
fiavors (i.e., z/g ~^ transitions). 

In the general case there can be two schemes (types) of neutrino 
mixings (oscillations): mass mixing schemes and charge mixings scheme 
as it takes place in the vector dominance model or vector boson mixings 
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in the standard model of electroweak interactions) [4]. 

In the scheme of charge mixings the oscillation parameters are expressed 
through weak interaction couple constants (charges) and neutrino masses 
|4|. 

In the both cases the neutrino mixing matrix V can be given [4] in the 
following convenient form proposed by Maiani [6] (6* = 6*12, /3 = 6*13,7 = 
^23): 
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where 



Ce^ = cos ^, 



= sin e, 



Cer = cos /3, Sgr = sin /3, 



Cur = cos 7, SuT = sm7 



+8^ =1- 

+s2 =1- 



(1) 



exp{i6) = cos + z sin 6. 

Using the above matrix V, we can connect the wave functions of 
physical neutrino states "^j^^, ^j,^, ^j^^ with the wave functions of intermediate 
neutrino states ^'jy^, "^j^^, "^i^^ and write it down in a component-wise form 
[5]: 



^1^1 ^ viVk 



k=l 

I = e,ii,T, 



A; = 1^3, 



(2) 



where ^j^^ is a wave function of neutrino with momentum p and mass m^. 
We suppose that neutrino mixings (oscillations) are virtual if neutrinos 
have different masses (if we suppose that these transitions are real, as 
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it is supposed in the standard theory of neutrino oscillations, then it is 
necessary to accept that expression (2) is based on a supposition that 
masses difference of i^k neutrinos is so small that coherent neutrino states 
are formed in the weak interactions (computation has shown that this 
condition is not fulfilled, i.e. neutrino as wave packet is unstable and 
decays)). 

*,,(t) = e-^'=**,,(0). (3) 

Then 

^.K*) = Ee"^'''='Kk*..(0). (4) 

k=l 

Using unitarity of matrix V or expression (2) we can rewrite expression 
(4) in the following form: 

*..W= E E K,..e-^'=V,:,^^.^,(o), (5) 

Z'=e,/x,T k=l 

and introducing symbol bi,^j,^,{t) 

^..W = EK,..e-^^V* , (6) 



k=l 



we obtain 



^uXt)= E 6...,(t)*.,(0), (7) 

l'=e,iJ.,T 

where 6j,;j,^, (t)-is the amplitude of transition probability ^'j,, ^j,^, . 
And the corresponding expression for transition probability ^t,; — > "^1,^, is: 

^....W=l EK;.,e-^'=XJ^ (8) 

k=l 

Using expression (8) in work [6] the amplitudes and expression for probability 
of three neutrino transitions (oscillations) for all interesting cases (i.e., 
for z/g Veii^nii^T, ^iJL ^ei^jjL^^T, ^ ^c^/ij^r)- In tliese works was 
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done examination is the expression for probability of Ve ^ neutrino 
transitions Pu^ue 

Pu^^.M = 1 - cos\(3)sin\2e)sin\-t{E, - E2)/2)- 

cos'^{e)sm^{2(3)sm^[-t[Ei - E^)/2)- (9) 

—sin 

positive definite values at all values for 0, Ei, E2, E^ and tl It was shown 
that at arbitrary values of the parameters this expression for probability is 
not a positive definite value. Then to make this expression for probability 

positively defined, it is necessary to put limitation on values of these 
parameters. 

This work continues the study of this question. 

2 Examination of positive definiteness of the expression 
for probability Pjj^^,j^(t) transitions 

The aim of this work is to examine positive definiteness of the expression for 
probability Pjy^.^j/^.(t) transitions cxpr. (9). For this purpose wc will fulfill 
graphical modelling of this function. This expression contains 7 parameters 
- 6, /3, Ami2, Am23, ^"^is; ^lye — Pv^C- There is one connection 
between neutrino masses Amf3 = Am^2 + Am23 therefore this expression 
contain only 6 independent parameters. Obtaining the extremums of this 
expression in the general case is a serious problem. Instead of it we decided 
to simplify this problem and used the following values for parameters 
obtained in the experiments: 

W(2^^^^J ^ 0.83, e = 32.45^ Am52 = 8-3 • 10~^ey^ (10) 
in [7] and 

sm2(27,^,J ^ 1, 7^^ Am^3 = 2.5 • 10-^ey^ (11) 
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in [8]. Value for E,,^ is free. We expressed all lengths of oscillations through 
the length of oscillations determined by i^i,i^2 niasses. The values of 
Am?3 = Am?2 + ^^23 are 2.583 • lO'^eV^, and 2.417 • IQ-^eV'^. 

Thus in expression (9) there is remained dependence only of two 
parameters and t and then this expression for the first case Aml^ = 
2.583 • 10" eV can be rewritten in the following form: 

P.^^.Xt) = 1 - cos\(3)sin^{29)sin\R/Lu)- 

-cos'^{e)sin'^{2(3)sin'^{30.120R/Li2)- (12) 
—sin 

where L12 = 1.27 ^^g is the length of oscillations determined by 1^1, 1^2 
neutrino masses and then lengths of oscillations determined by i/i, and 
z/2, neutrino masses are expressed through L12 oscillations length of z/i, 1^2 
neutrinos (2.510-78.310"^ = 30.120 2.58310"V8.310"^ = 31.120) and R 
is a distance from the neutrino source. 

We fulfilled modelhng of this expression for /3 = 10°, 15°, 20°, 25°, 
30°, 35°, 40°, 45°, 50°, 55° for t = ^ 47r for the two above mentioned 
cases when Amfg = 2.583 • 10"^ey^ and 2.417 • lO'^eV'^. The check has 
confirmed that for the all above cases the unitarity condition is fulfilled 
(i.e. P^^^^M > 0) 

Pictures 1, 2, 3, 4 show modelling of probability of Pjy^^„^{t) for 
13 = 15°, 25°, 35°, 45° at Amfg = 2.583 • IQ-^eV^ . From this pictures 
it is seen that the unitarity condition is fulfilled when we take precision 
values (relations) for lengths of oscillations (i.e. the condition Amfg = 
Am^2+Am23 is strongly fulfilled). At an arbitrary small deviation from the 
precision values (relations) for lengths of oscillations the unitarity condition 
is violated as it is well seen in Figure 5 (/3 = 45°, 31.120 31.320) and 
then to fulfil this condition, it is necessary to apply the limitation on angle 

p. 
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t1=0:0.5:1440.;t=(pi/180)*t1; 
y=1 - 0.7150*{sin(t).^) - 0.1778*{sin(30.120*t).^) 
-0.0722*(sin(31.120*t).^); 
plot(t,y);axis([0 12-1 +1]) 



Figure 1: P^.^^Xt) at ^ = 32.45^ (5 = 15°. 




11=0:0.5:1440.; t=(pi/180)*t1; 

y=1 - 0.5542*(sin(t).^) - 0.4174*(sin(30.120*t).^) 

-0.1694*(sin{31.120*t).^); 

plot(t,y);axis([0 12-1 +1]) 



Figure 2: P^^^^^M at ^ = 32.45^/3 = 25''. 
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t1 =0:0.5:1440.; t=(pi/180)*t1; 

y=1 -0.3698*(sin(t).^) -0.6281*(sin(30.120*t).' 

-0.2549*(sin{31.120*t).^); 

plot{t,y);axis{[0 12-1 +1]) 



igure 3: P^^^^St) at ^ = 32.45^ /3 = 35". 



I, ,1 
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11=0:0.5:720.; t=(pi/180)*t1; 

y=1 - 0.2053*(sin{t).^) - 0.7113*(sin(30.120*t).^) 



plot(t,y);axis([0 10 -1 +1]) 



igure 4: P.^^^M at ^ = 32.45«, (3 = 45«. 
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- t1=0:0.5:720.;t=(pi/180)*t1; 

y=1 - 0.2053*(sin(t).^) - 0.71 1 3*(sin(30.1 20*t).' 
- 0.2887*(sin{31.320*t).^); 
plot{t,y);axis{[0 10-1 +1]) 







Figure 5: P^^^r^M at ^ = 32.45^ /3 = 45^ (31.120 ^ 31.320) 



In the previous work [9] there was graphical modelHng of this function 
(9) by using the following values for [11] 9 = 32.45°, Am^2 = 8.3 ■ 
10-^6^2 and for [12] Am^g = 2.5 • lO'^eF^ for the cases when Amf3 = 
10-^6^2 (L13/L12 = 0.12), 5.7 • 10-^2 (L13/L12 = 0.69), 8.3 ■ 
lO^^eV^ (L13/L12 = 10) (for checking) for different values of P = 
10" 45° and established that the value for Pj^^^^X^) become a positively 
defined value at < 15" 17° [Py^-^^X^) ~ at some values of t). Figures 
6, 7, 8, 9, 10, 11 show results of modelling for (3 = 10°, (3 = 30° for the 
above indicated three cases. From these figures we see that at = 10° the 
unitarity condition is fulfilled while this condition is violated dX (3 = 30°. 



0.8 




11=0:0.5:1440.; t=(pi/180)*t1; 
y=1 - 0.7726*{sin(t).^) - 0.0832*{sin(30.120*t).^) 
-0.0338*(sin(0.12*t).^); 
plot(t,y);axis([0 12-1 +1]) 
beta=10 



Figure 6: P(z/e ^ at ^ = 32.45", (3 = 10°, (L13/L12 = 



11=0:0.5:1440.; t=(pi/180)*t1; 

y=1 - 0.4620*{sin(t).^) - 0.5335*{sin(30.120*t).^) 

- 0.21 65*(sin(0. 12*1).^); 

plot(t,y);axis([0 12-1 +1]) 



Figure 7: P(z/e ^ z/e)(^) at ^ = 32.45", = 30°, {Lu/Lu = 
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11=0:0.5:1440.; t={pi/180)*t1; 
y=1 - 0.7726*(sin{t).^) - 0.0832*(sin(30.120*t).^) 
- 0.0338*(sin(0.69*t).^); 
plot(t.y);axis([0 12-1 +1]) 
beta=10 



igure 8: P(z/e ^ Ue)it) at 6 = 32.45", (3 = 10°, {Lu/Lu = 0.69) 



11=0:0.5:1440.; t=(pi/180)*t1; 

y=1 - 0.4620*(sin(t).^) - 0.5335*(sin(30.120*t).^) 

-0.2165*(sin{0.69*t).^); 

plot(t,y);axis{[0 12-1 +1]) 

beta=30 



igure 9: P(z/e ^ i/e)(^) at 9 = 32.45", = 30°, {Lu/Lu = 0.69) 
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Figure 10: P(z/e Ue){t) at ^ = 32. 45^ (5 = 10^ (L13/L12 = 10). 



ill III 



t1 =0:0.5:1440. ;t=(pi/180)*t1; 

y=1 - 0.4620*{sin(t).^) - 0.5335*{sin(30.120*t).^) 

-0.2165*(sin(10*t).^); 

plot(t,y);axis([0 12-1 +1]) 

beta=30 



Figure 11: P{ue ^ ye){t) at ^ = 32.45^/3 = 30^ {Lu/Lu = 10). 

So, we see that at strict fulfillment of condition Amf3 = Am^2 + ^^23 
the expression for probability of transitions Pii^e ~^ ^e){t) is 
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positively defined while at any deviation from this condition in order to 
make this expression for probability positively defined, it is necessary to put 
a hmitation on angle mixing (3 (i.e. the value for (3 must be /3 < 15"-^ 17°). 

3 Conclusion 

The numeral value of sum Sum of coefficients in expression (9) connected 
with mixings 

Sum = cos 

is larger than one (for example for 6 = 32.45°, = 45°,5'wm = 1.2053). 
In order to do the values of Py^^y^{t) positively defined, the maxima of 
oscillation components of this expression don't have to coincide. Examination 
has shown that for all the considered cases this condition is fulfilled. 

This work has shown that at strict fulfillment of condition /^m\-^ = 
Ami2 + Am23 ^^e expression for probability of Ve transitions 

Pv^-^vJS) positively defined at every values of Q and while at any 
arbitrarily small deviation from this condition it becomes negative and 
then in order to make this expression for probability positively defined 
it is necessary to put a limitation on angle mixing at fixed value of 
Q = 32.45° (i.e. the value for (3 must he (3 < 15° ^ 17°). 
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